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(37) mm\ 

i8<^s/cnr> t•^#cD>'^■J^^llIi■c2 n J s-cox^-ou 

1 0 nm*m.SiSS5^:=i.-x>^ffiH3!)Sf#e>n€>o 




1 

©5^ + - :/tS^%gtf ^S-tftilM^^ii^-c ^ u — !f- 

-if 5 U -if - i 4^ Jb^-^^g* 

IS©*- Fa .;, >7U-if-iia„ 

hm^x\.>i>nim i latg©*- Fa f u— tf-ig 

So 

*fc{i^ig^g§+S^*>6^c*S!^^ 1 IBtS®-*- F P y i' 

o*>e.J5:SiS*^ 1 leig©*- Fa i7 u— if-^g. 
Cif^l 0] Btf^U— tf-©*-F|3I»i«. 

^h^m^m 1 iBtt©*- Fa ^ tf-$^a, 

5/ 7*y > i^3*i-C(,^-2>^«]14®iRft4 fcStfi»*Jl 1 IB 
tg©*- Fa i» U--!f-^g, 
[tt^l 2] ttrau— !f-©i*- FIDW^Jfiti L 
■C. tt-mcD^- FPI»iteJ:0-|Sifa14®iRj*©-t- FISI 

»i©-5%i,^rn*^i^^L'-ct».5SS6*- Ymma^^m 
^tix\,>^nmm i ibk©*- fo -y u-if-sia. 
Cft^^ii 3 ] B>rtB^|J^s^m*> 

e>«c-5>B«iB5^-f-:/tS^-<!: F-fVi'Sn/cit:? r -^^-^ 
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2 

So 

JfMtB F >; :7 F im^t^ yr^ . 

7 T -r^N'- U— tf-©«5fc«fil*SlHSlI^'S7 r >'^•-^S 

i*u— !f-©ii3feHW*- Fra©i^atijin«:$(W-r 
10 T-^-^m^t. *fcm-ci,»4it^9ia*s©*- 

- FPIWaflti l/-rffitonri>-5«^^ l IBtt©*- F 

a -v i'U-if-^g. 

[«*^ 1 6 ] m^y T ^<--fH<D^^immmEmi)i. 
i*- vmfmmt Lt:«t>tit:c»*sf*« 1 4fBS8© 

Fa i' l^— !f-^g. 

1 7 ] ButBSSIl*- FI51»I3R^B{C». ^fi^ti 

mEm*imm^tixi,>i>n^ 1 2iBtt©*- Fa ^» 

20 U-1f-^g. 

[it*^ 1 8 ] t>^mi-j:mmcKiri, u-if-ttte©!s 
7 T >'^•-*Jf^iB+ + ^ -rt{c#*nT(,»si»*:a 

1 IBtS©*- F a U--tf-ilgo 

[W^JM 1 9 ] ;^^6«j^c«itti(c>it^6 u— !f-i4Se©® 

1 4 IBIS©*- Fa y fv-^-^m.. 

0 ] wm^mt.<r>m^-c^-- Fisow^ftsc 

1 ffi«©*- Fa u— !f-tia. 

[w*iB2 1 ] BtfiBu— tf-^g«, a»©mfij®iii 

^^>o-=e- FlalXg:? -f +'aT • xw F (8©^) u- 

So 

©*- Fa u— !f-^a„ 

40 [ii^2 3 ] luiBtfett*- mm^mt. mm*^^ 

2 2 ifiSg©*- F a v i7 u— tf-^g. 
[it*:52 4] fitriB+i'f7-^-F«gcc—*f©^ + 

^•*sieg3n-C*Jt). --:>©igS-C|alB#{cMIBU— tf- 

^s©*-FPi»3fiP«i4ScTae«rr. iS[«^»*ti-e 
n^itor i,»aj^iRFi4=&wf -sis^ii i ibis©*- f 

[gs^2 5 } m^imkwvs., Fpi»i*«3S^k-r 

SBW-e. BuiB+^trf--* -rttciBg$ia-Cl»6^jl! 
50 iim\imuvit~ici}-»y-^}i^if^inx\<^i>m^m2\ 



(3) 

3 

[0 00 1] 

-mmmm(mm(^<i:^h(Dv. r^^-jue^ssR (s.b. 

Fbole, D.N. Payne and M.E.Fermann. Electron. Lett. , 
21. 737 (1985) ) C^-So 

[0 00 2] :^mM(ommt. ±mu-if-m&ti^h^^ 

[0 00 3] 

m^<Otm] 1 n J ^i.^x.:^)l^-(D 1 0 0 f s J: !3 

^^m^X$>K)s :7T-v>60SSt (M.E.Fennann. 
M.Haberl, A.J.Schmidt and L.Turi, Opt. Lett., 16, 2 

44 (1991)) tciiTi^^nrc^^o L^^Lrji'fysf^^ j^jv:^ 

3l^^5^CD2 0 p J tC^jTo-C U^^o CCD 30 

[0 0 0 4] m^lt. wi|?l|ii©P8^$n/ct•r3#y^Vl/X 
ti, ri5'7='^:^-^-Fn-:'i' (tfeSd^- FINISH) r 

l^rtJ-ir y -^C7)3iiS (5. M.J. Kelly, K. Smith, K.J.Bl 
GW and N.J.Doran, in Opt. Lett., 16, 1337 (1991) ) 

[0 005] — > ^"i/ ^ -t- F P ^ • :7 
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i9:C:f^C<I:K:J:0||3iir|f. :$?/<--:f-»e>OXSK (D.Ta 
berner, D.J.Richardson and D.N.Payne, in Opt.Soc.A 
m. Topical Meeting onNonlinear Guided Wave Phenome 
na, Cambridge, 1993, Opt. Soc. Am. Techn. Dig. Series, 
15. 367 (1993) ) ^c||7n34art^^o "tCDf^M. ilB 

=^ i^T- ^ - tc ^ mmmm^^ c . c mmmn 
[0006] sa-c^, mm^m,tm <if^^^:/^i/ • 

f n?JvN-;l/;^ (2n J . 5 p s ) 3&5f#6nri.>-5o cn 
^COliT(^>'^'-^^ •> h^(D:ScM (Barnett et al . , in 0 
pt Soc.Am.Techn.Dig.Ser.. 8 . 52(1994) ) liC^Tjk^^ti 

*5gPpim$ nri^^o Fa ^CD/c2S?)tC 

w^{^t(omc%^x^m.(ommi)m^^tih. mm 

[000 7] ffiai;^JC7)fc:r3fJvS;l'X«, V r >'^'- • U 

^^^I'^m.^iht^cti^X'oxi^.n^tix^^. c(oc 

t\ty:^^h(O^W. (D.U.Noske et al.. Optics Oommu 
nications 108 (1994) 297-301) ^PStf? tlTl^So L 
iP{^f^i)^h. ^ ^'cC^ST-r^^tftCD^ffi (dispersion 
profile) i^^—mxmjiX.XOX . nhtxh^'^)\y:^U: ^ 

mmm'S.^nx\.>ui.^i>(oi)^vmmx;h^ . c<m:& 

[000 8] 
[0009] 



C4) 

5 

ji^m»iy -if -^g^cc c ^ u -If -mm t mm 
cDf^ffl^. ccD^a (>-xf A) tiwr^c ^/c, ^b-s 

[0010] =^ t^T^ ^ -<D#^lSfl?tt*^lH 

lfCj^ti\t. &M(D'e-\^uy^'yr^^^--u--^- 20 

1 n J ^a;l'Sx4^;U4^*-;^#tf 3 p sCD^^JVZ 
tS^CDEl^^JlK^Cc J: f;) . l 2 n mJ^cCl^ 0-eni^±(^ 
[0 0 1 1] 

so-mmrm^m^. 01 ^^To :7T-<>'^*--^s^l 

tcti, 1 . 5 5 5 u mCDig:g^c|3,i:.xjc 1 3 n mCDS^Il 30 

SR (K.Suqden and I.Bennion, A.Ntolony and N.J.Coope 
r, in Electron lett. . 30, 440(194)) ^Cgain^ tlTC^ 

[0012] y T 1 (D^f-mt^^J^^5m 

m-C^O. ^CDgPiiSO^^ifc (GVD) «2gSl . 5 8 
0umV3, 40 + 0. 05ps' r&^i. #Mi^j:>^^* 

. :7T>f^>*-l 0«. 0. 0 2^;l/%CDE r^* F-t'> 
:5^;&5}5fe^nr^D. ^oraniSt^iO. 16nm. -ecD;^? 
h:^-7^3:l 1 40nin. cncc>!*j£-r^^S<7)J^ji^ 

0<DS$«2m'C*'S3&5. CCDU-- tf- • ^^-t'trf'^- 
rt'C^^ffl-r^^Cti. m'^omtmy r -(^^-vmy r ^ 

/N'-CDU- Fg|5i*CC$6CC 1 . 6mf)^iJ^^V$)^o C<D 
:7t -Y^N'- • tf-«, SSSgSOnmrf^-r-S^E 
m&^^fmm^ (MOPA) U'-lf^- yH^:**-^F3 
0*>6«*&$n^4 0 0mWCC±-5|^S*ffi^;^t#T. ifi? 50 
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^m^Mtf :/ r?'^ - W D M 2 0 ^/M. r !i<> f > 

{mm sti€>o 

[ 0 0 1 3 ] r • -^n-McD^a«. immm^ 
mm i)^^-Ymimmti.xHi^hi.^t^^^ 

C^-St^^^^-::? T-6CD:S:iS (M.Hofer, M.E.Fermann, F. 
Haberl, M.H.Ober and A.J.Schbidt, Opt. Lett., 16, 5 

02(1991)) ^#flS5n/cl>o ^-f t'-r^-rtcDfS^feT-P 
ts. -m\yy\y^^-b^^Urt^y-^':/'y'7-(^'^-\ 

occ:^^;:ry>t5^5nr*y9. Pl^^^t- i^-r-^ -p»g-r#- 

OfS:)t:*ilJRT^CDtCffi:bnrCi'5o -eUT. y 7 ^ 
r^'SijaiSi 2tcJ:or«a{tStiri^-So 183fe-?-Pfc$ 
[0 0 14] NPE^-Fisi»i«. a^Stcp^u 

3 r . 2 4 0 m^^cDmimtixmwmm 2 7 

ofiScftfj^^wWlo. 1 mm^jsrften-So c(Dii^i^ 

Ol^r«. Fll^«iJ7^'i;X6CD5:iK (F.Krausz. T.Brab 
ee and C.Spielmann, Opt. Lett., 16, 235(1991)) •?>>'^ 
'^:^h<O^M. (H.A.Haus and E.P.Ippen, Opt. Lett., 1 
6, 1331(1991) ) ^^#M2n/c:C^ ^^-y'^l-i)^]^ 

{i^-'^-mScComm.xcomn^TMWO \t^^fix 

— *a:(C«^^'i;X6CD:S:^ (F.Krausz and T.Brabee, 0 
pt.Lett., IS, 888(1993) ) ^#M?tl/cl^ 
[0 0 15] ftMW^^cCSBtBMttcDMx-xi. (Jg 
1. 5 5 1 MmrcD (Hi;^) 1. 1 n J (^>'^•J^XCC 
h;l^i=&^2 (a) *5<J:C>'^2 (b) 
^■r. (>^>VUXjgff^^) s ech^ ^i^SSLT. 

fiicD*:9'CD>'^•;^x^^i«2. 7psr^o/co ^/c. *ft£; 
T^B^PaTi^^iPii^S^^. 0. 4 0<bS[^^nr*5 

0. 3 Hci5l^o ^^<>::'V^•7-^^t^]^^^^'5C<^:^cJ:o 
2 n J ^-ccD/^v^xx^>J^=r-5&5^#6n'5^5^D<D. 

(b) (ctj^-TJ:^^. h;bcDif-< K>'>*>K«. c 

(0^^(0^^)VXX^^ V)\y(D^s^mX(D^^^\^fCo W 



7 

[0 0 16] u-ir-<DmMxmt^^\:::f^^-pi(om 

t'r-^ -rtJI^O^Ki^i. 1. Sumrou-Y 

F;u^4>^{[:^-i^^o ^^55)^. ^^i-b^T*^ -p^cDiSfl 

(^D;^H2i^t/a>) ^-^^-SJffiS ( 1. 5 35 ^im*> 10 
cfcO'l. 5 5 0 Aim) rOlx-1f-]8S|^:^iM*LC^„ C 

[0017] 31SE<DU— lf-5^X'3rA<D^;^5^jt.--> 
^\ylyV>\X^ 1. 5 5 0 /Ltm;0i6 1 . 56 2 /^111*^^ 

(m) B#rai«t|(iti<i:CDa<b^03tC^To CC 
«i^W:^j:5^^-->^305:^pIfi6t?*>o/cCi^a^ 
^n/cl^ CCD3im&*. tPL^. fcm^tC2 nm^T 30 

tl^o 3 0 OmWCD:^<>:7V^•v-r^O/cm:^?©>'^V^ 

5%:tV(D^mcJ:^^&^(Dmm^cthtj:'DX. I In 
Jf)^^0. 4n JcDffiH-C^ibf-So 40 

[00i8]tH:^ii. inJ <D>^>vu:;^r». 

*)^B. :7 T — v>e>C7):S:iS^ ( M.E.Fermann, M.J.Andr 
eico, M.L, Stock, Y.Silberberq and A.M.Weiner, App 
l.Phys.Lett. , 62, 910(1993)) {Cg§7S5 tlT €><> C 

i|ii«2. Ops'C*>0. ^'y'^T^h ( F.Krausz. M.E.F 

ermann, T.Brabec, P.F.Curley, M.Hofer, C.Spielman 

n, E.Wintner and A. 3 .Schmidt, IEEE J. Quantum Elec 50 
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tronics, 28, 2097(1992)) L /ctSiM^ cfc < — 

S3!>>6>. 1. 55lMm3&56i. 5 6 1 umCDjS:gCC*f 
Ur7. 8--4, Ops' CDlnHrGVD (gfiSgCD^ 
m (D>'T-Y>'^'HST-[^0^«J®S^»t^T6C^:;&i'C 

;^€>o c ^ uretbsn/cicdKicfcntf. 1.559 

5am*$<tafl. 5 5 7 0 1 MmCDigSCCifeli-CGDV 

1 p s' r^O. cn^i: (mr^cOct^cc) i^s 
1. 5 5 8CC4(Jt,>T«lJil&C2|iM$n/cGVDCD3. 4 0 
ps^ (D«i<bi:<-S:LTt>^o M#<D«i<Z)tBjt«. UJ 

K:j:^^s;l/;^cD/h$:^j:5^t^-:/«. iet^^c^o cti 

[0019] ^^^6CcJ:^-'^•;^Xl^icD43^tS[<!:^ilM:^J:^:x 
-^^i^ h;KDlf >r K>'^•> F(Dfig(i. Sid (W^«^y- 

^(DrSCM. ( S.M. D.Kelly, Electron Lett., 28, 806(19 
92) ) ^#^CDCi) CD^afJ-r^<hC6i^iM3^w:orif 
F>^'^'> FC[);)Cl^(0^:^1g^J:bWlLrtil^?^j:C^ ctie> 
<D#^«fJtt3&^ffi0^3&^nntf. >'^•;^XX■-id7 F;l/CD— « 

[0020] *:VX7^A-C«:7 r >'^'-<D^i^^*^< H 

6n^^>vi'Xin». -e(D->x7^A(Dy y f >cD>'^•J^xl^^i 

tm^x^^mc. ^cr^^L//c>'^•;^xx:^;^^'^ 

ti)^X^^. C(D^^^c. 1 0 n J^M;l'Sx:^;^:^'- 

[0 02 1 ] ^i^Hjou^-tf^^^g^^iij^ m:mm(o 
t, ^asj^ ^ggffl f -5 c i cc J: o rf# 6 n -5 pjufett 

;&5^^o miSMM2 0. ^-F|Hl«l|^^2 3. iS^tSf 
4^^t?^- Fn d7 u-lf-iggcDHMEa^J^'jrS^^. 

mA^c9ikro nmx\mwLmmSitm2m,mm2 2t\t 
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9 

[0 02 2 ] ^c:fT^>. *^?accj:n«. mmtmci> 

:7T'^^^*-»TC l:«i^6«^$n. l^^i'l^f^^-CDffe 

<T(i:^6^Cl^o h 6<DS:^ ( Barnett et a 

1., Opt.Soc.Am.Techn.Deq.Ser., 8,52(1994) ) tCFDlE 

[0 02 3 ] j5fJcD*%99^CJ:-S]^JgCC^Si'cC^'r h'T^^f 

^c^i>xmt):^yy^v>^t m—®^im(DmiR tote 
ij. ^^--y^'T-mm^mny r^^'^-(^cmi)^tix\.> 
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mmc^-z^x. m^mtm(oh<oxh. i&i.>mMim<D 

-t- try- ^ -?r:^; :7*;l/-r>S^]S^-^^ S 4>cDr&^, 
[0 024] ^-1f'-:7T-r>'^'-(D:^^W:^J:}S^6^c*fO 
%:^JC:?;®ir$> C i 5 n 6 ^ J: -9 -C. 

[0 02 5] mb:hJ;:^m3(tCffi'r^ ^^7- -WmYilt 

i^-rnfc. ia5o«a«ji4eRiR»5 2i3Si^:^^y>^y>^ 

^^$> ^<Dxc (D^cowcifo ^ ^ - > ^jffi H \tm^ 5 n 

(D(fCm^. y r -< ^^-i&f'^mLfcK^^ltmtLfcK^ L 
m^mtbxm^i2<t$CtlfCj;:->X. ^-Fa-^^^U- 

[0 026] tf-^srii. z:-:>3^j:c^L-enti± 
(Dl^CDiSiSri^l^tcttf^-r ^ J: tclHS-r c t h-pjm 

?toJgm^^!4ALCc^^T ^ C <!: ^ /c pjtgcc Aj: s, u 
[ 0 0 2 7 ] Fn U-lf-^SCDttfig^gjSib 
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1 «:«HlL//c:7 ^^T • i-f h U— !f-^g9 0©- 

PC 1 m^itt* 7-7-<DH?r-ci^(i3fc^^-r 

*t*©(i3fe«. m2<i3fe$ljaiSPC2^3iL-C9 0' )Sg 

3fc^©e*85^|fil». r -f V U- $ - 1 4 J; 9 ffiHicBf 
ffBOfCJ&S. +i'tf^-f-©;6ffliI«:*?,m3{i3K:fOffl 

[0 02 8 ] C©a:'5^c+i'b-7--<-tS:H-C4>, 

©f<:A-C ^oI2*i^filftB^'7 ^ - ( N L P S :a non-rec 
iprocal linear phase shifter) 'feffiffl^S tWfJ'C* 
NLPS«, S9©TS|5fC^-rJ:^tc. — oAj:c»L/ 
—■ooym^Qllfi—rxDAb' 7r^7=-]SilHlS9 2. 

CC-C, NLPS«. U-1f-=^f fT-^ - 

©;&ffliJ©ji»:&i^i]Jc£JS-rs^s^i'X©KI«:i®J^(4tiati* 40 
[0029] + -fb'f--^ -S;it©fi6©^?^g§«© — ? i 

-Kl5l»!SSItt, 3l6jl(trj£<<^*3n-Ct,iSJ:^{c. i+ 

SI5©S^B$m#^C^^L'/^:v'^•;^>^©^-^ 5 >i'*^*? 
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tg^ 1 *j<}:J>'tgiai*- FlalXI^^ 1 0 1 «rJgif + 
tfT^ -f -Sit©— M?rS 1 0 ViTfctr. 
[0 03 0] «iIi6©ra7n<i:»miK:<J:0. SS#{c», 

*^BJCcS*-r S-?-©f6®^ffJ«l«-?'S^ ©^M*s-c* e 

?c*:#B^©lli60!lO*iWli(Cl2a3tl-Cl>^i:t<>*5, 2|s:^ 
[02] 2. 7 t3#©>»<;U;^©ttf|4^Tiffl0 (- 

o-c*s) 

(a) ^Sm^m-Tif^-y 

(b ) v'nvw;^ • 

[03] 5^f--7'^^^©S*f^ (H^) . m^iCJ:*) 
ni^tifc^-OVxm (MA) *jJ:CJf^[ffli««i@<!:©S 

[04] 7 ^ - K -'^* f d'ffl©^. jfiji?i«f*> msmm 

[05] FI^»3ffl©l&«]14eRit!i«:*«l^fcM7i£itfl 

^7 r-f^^-- u— tf-+ f tfT" -f -©tan-4s^-r^3S 
0 

[06] ^<}\^xmmwmo:>^ * - y^^^m^ . ^^iS 

J^(B3ia5£lHlCevolution) K:J:D*- FPIRI!L/-Cl,i5B8JK 

[07] ^ ^ -©^^(C J: 0 ^gS$ljap«©tiSfe 

tin* 50 6 m^^tO^m^TjkSrimM 
[08] --p©Mi^j:5R»^^>-:5r-:)©^Aj:5«S 

^gg7T^'>'^•- • w-if-^S>&^ST«^0<. mms<D 

©+ 1- tr ^ -«^*!^ffi{C)5: -S <t ^ SIS-r -5 c i *!-c 

[09] u--if-©S^a*ii-r/c«<)«: — p©?-*- 
r .'^•-^S^*Jiffl*jA*t^y^:8©^^— !f-i5ig 

*7nf «^0, m^^imti>^^ ^ -^t©js^ 

(cci. Fl5i^?:SJi{b-r5fce?>cc> tBTfe^fJiaiSPC 

3 ©f^*D 13 i^^-sjmmnmmiy ^^mr^ ctt^ 

[010] f^-yi^y • ^- Fa -J i>^miiri>tc^^. 
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Cl. C2 : 5^-f-:7"7T -f^'f-:?'^ "^i'^S^- (2 1 . 
1. 2. 3. 4 : ^^-Zf-Jr '{f'^-n^ 5 : 
1 0 : i;n^'^A • 7y-f^-?- (*iJfiSi{*. ri^7--izr 
10' : {i^feNU^xji/tr-t/A- 7t-</<-. r^'^^:/ 

1 2 : iSafeSIHIipg <7 T • ;l/-:/WSPS) 

2 0 : 111 2 1 : M^SimmSi 2 2 .W 

2mmm 

2 3:*- mmsm 2 4 : m&mi^m 

2b ■.mts-yy{f^~ 'f)v:f=7~ 26:Pa]SWf8 
2 7 : mti^ 

3 0 : Jj<>:/. S^tggSfiSiemiS (MO PA) U— !f 

- • a^'-f^t-K 

5 : Ui;^- 5 2: laWttffiiJRflc * 



8-2 13 68 0 
6 2 : FR (7 



* 6 1 : FRM (7r^f=-tE3l6^) 

63 :WP(?g«) 65 : PC (7y-//-?- • 3»; 

6 6 : :^ 6 7: {mmmm 6 8 : >^ 

7 0 : 'f-:^—)-- immmm. leisss) 

9 : ^^simmmntyy 9 O : 7 ^ ^^^r • x 

10 9 1 : WP 9 2. 9 3 : FR (4 5" 7y 

9 2' : {i3fe^{i*5.7'9- 94:*5':^-5- 

10 1: ^iHg (fi«*- vmmmm) l O 3 : R 

Fjs (mi^sis^isas) 

LI. L2 : U>X P :ii3fe^ 
PCI. PC2. PC3:||1. Sr2. ^31 
WDM2 0 : m.^mt^m*} v ■f'y- 



WOM20 




30 
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